Though poorly studied, sand is an environment with an extended degree of interaction with man. Enterococcal strains can be found in sand but we do not know to what extent these ubiquitous opportunistic nosocomial pathogens isolated from sand carry antimicrobial resistances and virulence traits. In an attempt to fill in this knowledge gap, two distinct types of sand (beach and children playground) were examined concerning composition in enterococcal species, genetic diversity of isolates and abundance of resistance to antimicrobials and virulence traits. Five different species were found, namely Enterococcus faecium, Enterococcus faecalis, Enterococcus hirae, Enterococcus flavescens and Enterococcus casseliflavus. Although genetic diversity was evident, two different E. faecium clones, common to the two types of sand, were detected, suggesting the existence of clones well adapted to this specific environment or from a common source. E. faecium was associated with multiple antibiotic resistances, including to fluoroquinolones and tetracycline that are commonly used by veterinarians and clinicians. Among the multiresistant E. faecium strains from beach sand, two were from sequence type (ST) 442, which belongs to the wide-spread Hospital-adapted clade CC17. They both carried the esp gene and the genomic island associated with CC17. The other virulence factors screened were disseminated among E. faecalis strains, but seldom detected in the other species, evidencing the existence, in these environments, of E. faecalis strains carrying the same virulence factors as the clinical ones. The present work thus stresses the need to follow-up the presence and characterization of enterococcal strains from both beach and children playground sands and of including these environments in the epidemiological global analysis of enterococcal isolates.
Introduction
Enterococcus are human commensal Gram-positive bacteria, able to withstand a great diversity of environmental conditions, and probably for this reason they are commonly isolated from environments as diverse as food products [1] , water and soil [2] . The presence of enterococci in these environments is probably due to fecal contamination [3] . However, the general assumption that fecal indicators, like Escherichia coli and enterococci, do not occur in natural environments such as soil or water, has recently been challenged [4] , because 1) sediments could provide favorable nutrient conditions and protection from sunlight inactivation [1] and 2) enterococci could survive desiccation and regrow in rewetted sediments [5] . In fact, in the last years a few authors reported the presence of enterococci in sand [3] [4] [5] [6] .
For many years members of the genus Enterococcus were considered harmless, but this view has changed. Nowadays they are also seen as human nosocomial pathogens, emerging as the second most frequently reported cause of surgical wound and nosocomial urinary tract infections and the third most frequently reported cause of bacteraemia [1] . The emergence of enterococci as nosocomial infectious agents is related to the use of antibiotics and to the fact that these bacteria are intrinsically resistant to many of the antibiotics used in clinical settings. Recently, enterococcal isolates from different sources have been screened for resistance to some of the more clinically important antibiotics [7] [8] [9] [10] , and results have shown that resistance is present in almost all environments, although to different extents. This recent awareness, and consequent concern, of enterococci as a health problem has led researchers to invest a lot of efforts to understand the factors that influence the relationship of these organisms with their host, i.e. the virulence factors. Several virulence factors have been identified, including aggregation substance, surface protein Esp and adhesin Ace, all playing a role in adhesion to host cells and tissues; cytolysin, gelatinase and hyaluronidase, which are responsible for tissue damage [11] ; bile salt hydrolase, contributing to survival in the gastrointestinal tract [12] ; and the Enterococcus faecalis endocarditis antigen (EfaA), for which the role in virulence has not yet been completely clarified [13] . All these factors have been studied in E. faecalis, although some of them have been also reported in other species of the genus [14] and in strains not associated with nosocomial environments [15] .
The presence of enterococci in sand, though acknowledged, has not been subject of a more thorough analysis that could provide information on how this environment can contribute to the general trafficking of antibiotic resistance and virulence determinants carried by enterococci. Thus, the objectives of the present study were to determine the genetic diversity, antibiotic resistance and carriage of virulence determinants by enterococci resident in sand in Portugal. Beach sand has been sampled by others. Therefore, we included in this study a sample of children playground sand, which, to our knowledge, has never been studied as an environmental source of enterococci.
Materials and Methods

Microorganisms
A total of 97 enterococal isolates from beach (78 isolates) and playground sand (19 isolates) were collected and sent to our Laboratory after primary identification to the genus level. In the Lab, all microorganisms were grown in Brain Hearth Infusion (BHI) (Oxoid, Hampshire, UK) at 37˚C, unless otherwise mentioned. 
DNA Preparation
Total DNA extraction was performed as described before [16] with minor changes: cells were harvested and resuspended in 3/20 of the initial volume of TES and incubated in the presence of lysozyme (5 mg/mL) (Sigma, Steinheim, Germany) for 40 minutes. 300 µL of saline solution and 40 µL of SDS 20% (w/v) (Sigma) were added and mixed by inversion. Phenol extractions and ethanol precipitation were preformed and the final product was treated with RNase (10 µg/mL) (Sigma).
Identification Procedures
All isolates were screened by PCR with species specific primers ( Table 1) . Since E. faecalis and E. faecium are the most abundant enterococcal species, all 97 isolates were screened using primers for both species. Those not identified as one of these two species, were then tested, sequentially and using the same approach, with primers for E. durans, E. hirae, E. casseliflavus, E. mundtii, E. dispar, E. flavescens, E. gallinarum, E. raffinosus and E. solitarius, as described in Table 1 . After this procedure 41 isolates remained unidentified. All isolates were typed using PFGE and among these 41 unidentified isolates we E. dispar GAACTAGCAGAAAAAAGTGTG GATAATTTACCGTTATTTACC [33] E. durans AACAGCTTACTTGACTGGACGC GTATTGGCGCTACTACCCGTATC [34] E. faecalis CACCTGAAGAAACAGGC ATGGCTACTTCAATTTCACG [35] E. faecium GAGTAAATCACTGAACGA CGCTGATGGTATCGATTCAT [33] E. flavescens GAATTAGGTGAAAAAAAAGTT GCTAGTTTACCGTCTTTAACG [33] E. gallinarum TTACTTGCTGATTTTGATTCG TGAATTCTTCTTTGAAATCAG [33] E. hirae CGTCAGTACCCTTCTTTTGCAGAGTC GCATTATTACCAGTGTTAGTGGTTG [34] E. mundtii CAGACATGGATGCTATTCCATCT GCCATGATTTTCCAGAAGAAT [33] E. raffinosus GTCACGAACTTGAATGAAGTT AATGGGCTATCTTGATTCGCG [33] E. solitarius AAACACCATAACACTTATGTGACG AATGGAGAATCTTGGTTTGGCGTC [33] detected 18 types. One isolate from each type was selected for repetitive sequence-based PCR fingerprinting with the (GTG) 5 primer [17] . Fingerprints were analyzed with BioNumerics version 3.0 software (Applied Maths, Sint Martens Latem, Belgium) using the Pearson Correlation Coefficient and UPGMA for pattern analysis, and were compared with available data for enterococcal reference strains [17] . For strains which were not identified by the (GTG) 5 -PCR approach, part of the pheS gene was amplified and sequenced, as described before [18] . Sequences were analyzed by using the BioNumerics version 3.0 software and compared with sequences of enterococcal reference strains present in public databases. The remaining unidentified isolates (23 isolates) which were not selected for (GTG) 5 -PCR and pheS analyses were genetically indistinguishable, as determined by PF GE, from the ones that were analyzed and were therefore assumed to represent the same species.
Pulsed Field Gel Electrophoresis
PFGE was performed as described before [19] .
Antimicrobial Susceptibility Test
The susceptibility of enterococcal strains to antibiotics was determined using the disk diffusion method according to CLSI [20] . Antibiotics tested and disk content were as described before [1] . All isolates were cultured overnight in Mueller-Hinton Broth (MHB) (Oxoid, Hampshire, UK), with the exception of four isolates which presented impaired growth in this medium and for this reason were grown in BHI broth. MIC was determined, for a few isolates and antibiotics, using E-test from AB Biodisk (Solna, Sweden) according to manufacturer instructions.
Screening of Virulence Factors
Gelatinase activity was verified as described before [14] . Blood agar plates (BioMerieux, Marcy l'Etoile, France) were used to detect hemolytic activity and, after inoculation, plates were incubated for 48 hours in anaerobic conditions before assessment of that activity. All isolates were tested for the presence of fsrA, fsrB, fsrC, gelE, sprE, ace, efaA fs and asa1 genes. PCR amplifications were performed in a T-personal Combi thermocycler using primers targeting these genes [21] . Screening for virulence factors Hyl and Esp was performed using the following primers and only for a few E. faecium isolates, as described ahead: hyl Efm f (5'-GTTAGAAGAAGTCTGGAAACCG-3'), hyl Efm r (5'-TGCTAAGATATTCCTCTACTCG-3'), esp Efm f (5'-TGCTAATGCTAGTCCACGACC-3') and esp Efm r (5'-GCGTCAACACT TGCATT GCCGA-3') [22] . Reference [23] identified a new genomic Island (GI) specific to hospital-acquired strains belonging to CC17. This genomic island was composed by 7 genes (orf1474 to orf1483) encoding a potential new metabolic pathway involved in the metabolism and transport of carbohydrates. To determine the presence of this GI in some of our E. faecium isolates, orf1477 was amplified by PCR using the following set of primers: 1477F (5'-CATTACTGTATTGGGCTTCGA-3') and 1477R (5'-CTCTATGGTATGCTTCTGCTCC-3').
Multilocus Sequence Typing (MLST)
Five unrelated (by PFGE) E. faecium isolates, resistant to more then 20 antibiotics by disk diffusion method, were selected for MLST typing. Internal fragments of seven housekeeping genes were amplified by PCR with the sets of primers described before [24] . Sequencing was done at Baseclear (Leiden, Netherlands). MLST alleles and sequence types (ST) were identified using the database (http://efaecium.mlst.net/).
Results and Discussion
Beaches are quite dynamic ecosystems, subject to influence from man, land, wind and rain and sea water. Playground sand is a different ecosystem, influenced by humans, land, rain and wind. Together, they constitute important reservoirs of microorganisms and are vehicles for human cross-contamination. Enterococci are opportunistic human nosocomial pathogens, with a recognized ability to survive outside environments, such as food, soil and water. The omnipresence of these bacteria in and out of the human host, together with their ability to exchange genetic material, allows them to play an important role in transmission, between environments, of both strains and genes coding for antibiotic resistance and virulence determinants. Although acknowledged as a site of contamination with enterococci [2] [3] [4] [5] [6] 25, 26] , sand has not been very well explored and characterized as a reservoir of Enterococcus strains. The presence of enterococci in sands has been pointed [6] as a possible cause of water quality failures. Finding enterococci in water and sand is relevant because they can be a vehicle for infection and/or carriage of potentially virulent strains and eventually contribute to the increasing number of infections caused by these bacteria. In order to understand the role of these environments in the global epidemiology of enterococcal strains we must, first, characterize the genetic diversity of the collected isolates and also two most important factors relevant for infection, namely carriage of antibiotic resistance and virulence.
The isolates of the present study were collected from a children playground in the Lisbon area (19 isolates) and from sand from the Sesimbra beach (78 isolates). The latter is an Atlantic beach, located approximately 30 km away from the nearest hospital and there is no sewage or waste water being deposited near the beach. As in other reports [6, 9, 10] , the predominant species found were E. faecium (46%) and E. faecalis (33%), but other species were also detected, including E. hirae (8%), E. flavescens (5%) and E. casseliflavus (5%). E. mundtii, E. durans, E. avium and E. gallinarum were not detected although they have also been associated with sand [2, 6] . However, the distribution of species was different between samples: in the playground sand we found 42% of E. faecium and only 5% of E. faecalis, whereas in beach sand the frequency of the same species was 50% and 41%, respectively, and E. flavescens was not detected. No obvious reason or deduction can be withdrawn from these data, but it is clear that E. faecalis is less represented in the playground sample.
Relevant findings from the antibiotic resistance screening are summarized in Table 2 . We included in this study antibiotics for which the genus Enterococcus is considered intrinsically resistant or susceptible because it would be possible, in sand, to find different behavior, as we did previously in food isolates [27] . Analysis of Table 2 shows an association between E. faecium and resistance to fluoroquinolones, tetracyclines and -lactams.
For all other antibiotics tested, the results obtained revealed a similar behavior of E. faecium and E. faecalis isolates. Overall, the enterococcal isolates studied were resistant to bacitracin (90%), colistin (97%), kanamycin (83%), lincomycin (80%), methicillin (97%), polymixin B (97%) and susceptible to amoxicillin, ampicillin, chloramphenicol (97%), imipenem, penicillin, piperacillin, vancomycin (90%) and sulphamethoxazole/trimethopim (96%). These results are similar to data previously reported for environmental enterococcal strains from food, and also corroborate resistance and susceptibilities common to the genus Enterococcus [1] . Resistance to norfloxacin, ciprofloxacin, enrofloxacin, erythromycin, nitrofurantoin and vancomycin observed in sand enterococci Table 2 . Percentage of isolates which were found to be resistant (R) and susceptible (S) to antibiotics showing different behaviors in the two most representative species.
Total (%)
Contribution to total R (%) Antibiotic S R E. faecalis E. faecium   Amoxicillin  97  1  0  100  Ampicillin  93  7  0  57  Enrofloxacin  64  12  0  64  Imipenen  92  8  0  62  Nitrofurantoin  57  24  13  48  Ciprofloxacin  18  25  0  71  Norfloxacin  56  6  0  83  Ofloxacin  42  18  6  70  Oxitetracycline  51  48  9  67  Penicillin G  92  8  0  62  Piperacillin  82  9  0  62  Tetracycline  50  50  11  64 is at the same level as reported in enterococci from other non clinical environments such as dairy products [1, 8] , wastewater [7] , animal food products and animals [9] . Concerning tetracyclin and bacitracin we observed resistances similar to the ones found in clinical enterococcal isolates (50% for tetracycline and 90% for bacitracin). The enterococci studied showed higher resistances to kanamycin and rifampicin than the enterococci isolated from wild animals [10] and wastewater [8] . Altogether, these observations point out that we can find in sand more resistant isolates than in other non-clinical environments and raises the question about the primary origin of these isolates. All 97 isolates were typed using PFGE, band patterns were analyzed using the Tenover criteria [28] , and isolates were considered genetically related accordingly. A total of 46 PFGE types were defined, assuming that related isolates have similarity higher than 96% (Figure 1) . In our study we found a diversity of 2.6 and 1.8 for E. faecalis and E. faecium, respectively. Diversity was calculated by dividing the number of strains of one species by the number of PFGE types for that species. Overall, these results demonstrate a high genetic diversity which appears to be a common feature in the genus Enterococcus as it has been described in other environments as well. Although most of the PFGE types were composed of isolates from the same sand type, we found two PFGE types, among E. faecium species, with isolates from both beach and playground sand. This suggests the existence of E. faecium clones well adapted to this specific environment, sand. This result is quite interesting, because the two sand samples are not only spatially distant but also subject to different environmental influences and contamination sources. The fact that we found the same clones in these two samples points out that not only sand can be a reservoir of enterococcal strains, but also that these environments should start to be included in the epidemiological global analysis of enterococcal isolates.
One of the E. faecium clones common to the two sand samples was found to be resistant to 23 antibiotics, among the 30 tested. Three other E. faecium isolates (two from beach and one from playground) and two E. hirae isolates from playground sand, also showed resistance to more than 20 antibiotics (Figure 1) . Resistance to fluoroquinolones has been, in the last years, found to be associated with E. faecium nosocomial isolates. It is interesting, but also a matter of concern, that E. faecium isolated from sand, both from a beach located away from hospitals, and from a children playground, are also, as the nosocomial strains, associated with the same antimicrobial resistances. E. faecalis is the species more frequently associated with nosocomial infection, accounting for up to 80% of all enterococcal nosocomial infections [29] . However, E. faecium is associated with multidrug resistance. This species has evolved in the last 15 years from an avirulent commensal to the third most frequently isolated nosocomial pathogen among intensive care unit patients in the United States [30] . Molecular epidemiological studies of E. faecium using MLST revealed the existence of a distinct genetic subpopulation, named clonal complex 17 (CC17), responsible for the majority of hospital-related infections and outbreaks. CC17 has spread globally [31] and seems well adapted to the Hospital settings as well as associated with high-level ciprofloxacin resistance and ampicillin resistance [28] . It appears that the acquisition of ampicilin resistance was one of the first steps in the adaption of E. faecium to hospital environment facilitating the subsequent emergence of vancomycin resistance [32] . We thus decided to investigate further the five E. faecium strains resistant to more then 20 antibiotics and type them by MLST. Two of the strains (16D7 and S1-2), constituting one of the clones found simultaneously in PGS and BS, although confirmed as E. faecium by both ddl and sodA specific PCR, did not amplify any of the seven genes of the MLST scheme. It was thus impossible to type these two isolates by MLST. This typing method has been developed with E. faecium isolates from similar environments, namely human and animals, both commensals and from clinical infections, as already mentioned. We thus reinforce the possibility that environmental strains, such as the ones we isolated from sand, have differences in the sequences of the house-keeping genes used for the MLST scheme. These isolates originate from an unusual source that has not been sampled before, which could suggest the existence of a distinct E. faecium subpopulation with deviant MLST genes. For the other three isolates, MLST was carried out successfully. Two of them (5LM6 and 5LM8, both from beach sand) were ascribed to the new ST442 (atpA 5, ddl 1, gdh 1, purK 2, gyd 6, pstS 1 and adk 1) and one (14D5, from playground sand) to the new ST470 (atpA 25, ddl 13, gdh 34, purK 48, gyd 19, pstS 26 and adk 6). When eBURST analysis, comparing the entire MLST database, was done it was clear that ST442 is still part of the CC17 (Figure 2 by the presence of a GI, which includes the esp gene. We detected both esp and orf1477 in the CC17 sand strains but hyl gene was absent in the same strains. These two CC17 sand strains were vancomycin and ampicillin sensitive (MICs of 2 g/mL and 1 g/mL, respectively). One, 5LM6, was confirmed as resistant to fluoroquinolones by MIC determination (32 g/mL for ciprofloxacin, ofloxacin and enrofloxacin and 16 g/mL for norfloxacin). None of these two strains carried any of the virulence factors screened other then those already mentioned, namely esp and the PAI. Our results clearly show that CC17, which until this moment includes mainly hospital strains and some strains isolated from calf, pigs and dogs, is also disseminating into "abiotic" environments, like beach sand, where the selective pressure of antibiotics is most likely irrelevant. It is possible that these CC17 sand strains, bearing some of the characteristics of the CC17 nosocomial strains, were brought to that environment by man or animals, most likely pets (dogs). Further studies need to be carried out to understand this phenomenon. Our findings stress, and urge, the need to closely survey and include sand, and eventually other "abiotic" environments influenced by man, in the epidemiological evaluation of enterococcal strain trafficking.
Research on enterococcal virulence has demonstrated that factors, initially ascribed a role in E. faecalis virulence, are in fact disseminated in the genus and are found in non-clinical environments [15] . Analysis of Figure 1 clearly shows that the virulence factors screened in this study are disseminated among E. faecalis, evidencing the existence in sand of E. faecalis strains carrying the same virulence factors as the clinical ones. This fact, however, does not imply any correlation between E. faecalis sand strains and pathogenicity. The same virulence traits were seldom detected in the other species, somehow contradicting the previous assumption that E. faecalis virulence determinants are common in the genus Enterococcus.
The screening of ace, efaA fs and asa1 genes revealed that these genes were absent in 48% of the isolates, 52% were positive to ace gene, 34% were positive to efaA fs and 16% to asa1. E. faecalis genes coding for surface proteins were found in other species, namely E. hirae, E. faecium and E. casseliflavus. Until now, to our knowledge, these virulence factors were only reported in E. faecalis and E. faecium. None of the strains studied was hemolytic and 23% produced gelatinase. All gelatinase producers were E. faecalis (Figure 1) . The screening of genes involved in gelatinase expression (fsrA, fsrB, fsrC and gelE) showed that all the isolates with gelatinase activity were also positive for all the genes screened, as expected from previous work [14] . We were able to detect all genes screened in one of the isolates without gelatinase activity. This silent behavior of the gelatinase operon has been reported previously [14] , but reasons for the discrepancy between genotype and phenotype have not yet been reported. Gelatinase activity is associated with organisms that are able to cause infection. However, there is also one report of this virulence factor in food associated enterococci [14] and in this work we were able to detect gelE gene, the fsr operon and also the gelatinase phenotype in environmental isolates, presumably not associated with human infections. The presence of virulence factors in the sand enteroccal isolates does not preclude, per se, the pathogenic potential of the same bacteria. However, it reveals that enterococci colonizing, or simply surviving, in "abiotic" environments carry the same genes which, in the nococomial environment, have proven relevant for the infection induced by E. faecalis. We cannot exclude the possibility that the virulence factors we found in the sand isolates are relevant for the survival and establishment of these bacteria in the sand.
In summary, PFGE revealed the presence of two different E. faecium clones in both sand samples, suggesting the existence of clones well adapted to this specific environment. E. faecium was associated with multiple antimicrobial resistances (five strains were resistant to more then 20 antibiotics) and in particular to fluoroquinolones and tetracycline. The virulence factors screened were disseminated among E. faecalis strains, but seldom detected in the other species, evidencing the existence, in these environments, of E. faecalis strains carrying the same virulence factors as the clinical ones. Finally, we detected two E. faecium strains belonging to the hospital clade CC17, carrying the esp gene, the GI and resistance to fluoroquinolones. Enterococci are able to colonize environments traditionally not colonized by fecal bacteria. These bacteria are resistant to salt and have been found before in sand. However, the high frequencies of resistance to some antibiotics were unexpected as was the resemblance of some strains to hospital-adapted strains. These results strongly advise monitoring beach and playground sands, places where the contact between humans and sediments is important and highlights the imperative need to include sand in the epidemiological global analysis of enterococcal isolates, together with its characterization concerning antibiotic resistance and presence of virulence traits.
